of Viruses (3) . In recent years, megalocytiviruses have received increasing attention due to the 6 ecological and economic impact these viruses have on wild and cultured fish (1, 5, 21) . 7 Infectious spleen and kidney necrosis virus (ISKNV), the type species of the genus 8 Megalocytivirus, is devastating to the mandarin fish farm industry in China. The virus can 9 cause 100% cumulative mortality in 4-10 days in farmed fish (10) . A recent epidemiological 10 investigation indicated that more than 50 species of cultured and wild marine fish are the 11 confirmed hosts of ISKNV-like viruses in South China Sea (31). Both clinical and 12 asymptomatic infections of ISKNV-like megalocytiviruses were also reported in 10 freshwater 13 ornamental species of fish in Korea (14). Furthermore, megalocytiviruses have become one of 14 the most important agents of severe disease in fish farming facilities throughout Southeast Asia 15 (4). Therefore, prevention and control of megalocytiviral infection is a priority for the fishing 16 industry. 17 Since 2001, complete genome sequencing has been performed on five megalocytiviruses 18 (1, 6, 10, 17, 20) . A comparative genomic analysis has also been performed on the genome 19 information of ISKNV (10) , rock bream iridovirus (RBIV) (6), and orange-spotted grouper 20 iridovirus (OSGIV) (17). The core set of megalocytivirus genes were re-annotated and work has been carried out on identifying the protein constituents of the megalocytiviral virion. 2 A key obstacle in the study of megalocytiviruses is the lack of a suitable cell line for culturing 3 viruses in vitro (2, 13) . Recently, a mandarin fish fry cell line (MFF-1) showing high sensitivity 4 to infection by ISKNV was successfully developed and used as an efficient cellular substrate 5 for the growth of mandarin fish ISKNV and other member of megalocytivirus (7, 8) . 6 With the information of ISKNV genome and the development of a suitable cell line, 7 research studies are now focused on the functional study of the viral proteins. An essential 8 element of such studies is the identification and characterization of viral structural proteins, 9 because these structural proteins play crucial roles in both cell targeting and host defense 10 evasion (29). Among structural proteins, envelope proteins are important due to their 11 involvement in interactions between virus and host such as attachment to host receptors and 12 fusion with host cell membranes during viral infection (39). Thus, intensive efforts have been 13 undertaken to characterize and classify the structural proteins of ISKNV. 14 Mass spectrometry (MS) has been proven to be the most effective method for the 15 discovery of functional proteins (25). Although peptide mass fingerprint (PMF) is a simple, 16 fast, and accurate method for protein identification, several disadvantages exist when used to 17 identify low abundance proteins, proteins of extreme pI values, and proteins from a mixture 18 (26). These limitations can be modified by using Tandem mass spectrometry (MS/MS) (33).
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The development of a fast and highly sensitive LTQ-Orbitrap mass spectrometer has also 20 allowed for the identification of more proteins with greater confidence (16) . In this study, a 21 total of 38 proteins were identified as ISKNV virion-associated proteins by four proteomic 
MATERIALS AND METHODS

9
ISKNV infection and purification. ISKNV strain NH060831 and MFF-1 cell lines were 10 characterized and kept in our laboratory (7). MFF-1 cells were grown in a DMEM medium 11 supplemented with 10% FBS (Gibco Invitrogen, USA), 100 U/ml penicillin, 100 µg/ml 12 streptomycin, and 0.25 µg/ml amphotericin B (Invitrogen, USA). When MFF-1 cultures were 13 confluent, ISKNVs with an MOI of 10 were added to the flasks. Four to five days 14 post-infection, infected MFF-1 cells were collected, and then stored at -80 °C. To purify 15 ISKNV, the cells were first thawed and the cell suspension was treated by differential 16 centrifugation, ultra-centrifugation, and double sucrose density gradient as previously 17 described by Dong et al. (8) . Viral purity was examined using transmission electron 18 microscope (TEM). Viral protein concentration was measured by Bradford assay and viral 19 proteins were stored at -80 °C. IPGphor IEF system (GE Healthcare, USA). 100 µg protein samples from the purified virions 22 on October 28, 2017 by guest http://jvi.asm.org/ Downloaded from were applied onto each IPG strip (pH 4-7 or nonlinear pH 3-10, 13 cm) (GE Healthcare, USA). 1 The IEF was performed at 20 °C with a continuous increase of voltage (8,000 V to 16,000 V). 2 The focused IPG strip was then equilibrated for 15 min in an equilibration buffer containing 3 20% w/v glycerol, 2% w/v SDS, 50 mM Tris-HCl (pH 8.8), 100 mM DTT, and 0.002% w/v 4 bromophenol blue. The strip was then further equilibrated for 15 min in a similar buffer 5 replacing 100 mM DTT with 250 mM iodoacetamide. After equilibration, strips were loaded 6 on the top of 12% SDS-PAGE gel and sealed with hot agarose (1% w/v). After SDS-PAGE, 7 protein spots were visualized with Coomassie brilliant blue staining (Sigma, USA) and gels 8 were scanned with ImageScanner (Amersham Biosciences, Sweden). In-gel digestion and protein identification. Protein spots of interest were manually excised 10 from gel and washed twice with 50% v/v acetonitrile in 25 mM ammonium bicarbonate for 15 11 min to remove the dye. After washing, gel plugs were shrunk by adding 100% v/v acetonitrile 12 and vacuum-dried. The dried gel pieces were rehydrated in 10 mM ammonium bicarbonate 13 containing 0.1 µg/µL sequencing grade modified trypsin (Promega, USA) and incubated at 37 14 °C overnight. The in-gel tryptic digested peptides were then analyzed using MALDI-TOF/TOF 15 Analyzer (Applied Biosystems 4700, USA), which was calibrated using a mixture of 2 pmol washed, and negatively stained with 2% phosphotungstic acid (PTA). Specimens were 8 examined with a transmission electron microscope (JEM-100CX II, Japan).
RESULTS
10
Identification of ISKNV major structural proteins by 1-D-MS. ISKNV was proliferated in 11
a mandarin fish fry cell line (MFF-1), which showed high sensitivity to infection of this virus.
12
Virus purification was performed according to a procedure described previously (8 analysis to achieve a more comprehensive and precise characterization of the ISKNV virons. 5 This was accomplished using different pH gradient strips of 13 cm long and covering a pH 6 range of 4-7 and pH 3-10 ( showed that the purified viral proteins are divided into two fractions (Fig. 4A) . The pellet ISKNV virions and is found in the supernatant of detergent-treated ISKNVs solution (Fig. 4A ).
21
Although a confident PMF was acquired, no acceptable search result was found in current MS 22 analysis (data not shown in this paper). Therefore, it may be an unknown host (fish) protein. 
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Because the genome of mandarin fish is still not available, the identity of these potential host 1 proteins is difficult to be determined. As for the major capsid protein (MCP) which is the most 2 abundant protein in iridovirus, MCP was found in both pellet and supernatant with majority in 3 pellet (Fig. 4A) . Similar results were also observed with Western-blot analysis. Fig. 4B reveals   4 that VP117, MCP, and VP101 are found in both fractions by Western blot analysis when rabbit 5 anti-ISKNV virions serum was used as the primary antibody. However, using rabbit 6 anti-recombinant MCP serum as the primary antibody, Western-blotting showed that MCP 7 mainly exists in pellet fraction, and little in the supernatant fraction (Fig. 4C ). 8 As shown in Fig. 5 , among the 32 viral proteins analyzed by Western blotting, the protein 9 encoded by ORFs 056L, and 118L were always found solely in the soluble components. This 10 result suggests that these are two novel viral envelope proteins. As a representative control, the 11 known putative envelope protein encoded by ORF007 was also found exclusively in 12 supernatant fraction (Fig. 5) . Proteins encoded by ORFs 014R, 022L, 033L, 039R, 040L, 044L, 13 045L, 054L, 055L, 062L, 063L, 076L, 078R, 081R, 088R, 093L, 100L, 109L, 115R, and 125L 14 were exclusively present in the pellet of insoluble core components after detergent extraction. 15 Proteins encoded by ORFs 036R, 037L, 041L, 071L, 077R, 095L, 101L, and 117L were 16 partitioned into both the supernatant and pellet fractions. (Fig. 6 ). In the control experiments, no gold particles were observed for ISKNV virions using After detergent treatment and fractionation, SDS-PAGE analysis showed that none of the 21 major structural proteins were indicated as the envelope protein except for one unknown high 22 abundant protein (band 4 in Fig. 1 ). On the other hand, the major structural proteins mainly existed in the pellet fraction, which was greatly different from the other two enveloped large antibodies bound only to the envelope and not to the viral nucleocapsid. Scale bar = 100 nm. 
